AIJSTRACT. The stems and leaves of M{)ringa peregrina (Forssk). Fiori were studied at different levels of soil moisture content within the range between permanent wilting percentage and moisture equivalent: The diameter of stem gradually increased with increase of water supply which generally led to progressive formation of vascular elements as well as cortical and pith tissues. Near the permanent wilting percentage. a condition of frequent occurrence in arid regions. M. peregrina showed tendencies towards xerophytic adaptation. The leaves were covered with remarkedly dense trichomes. relatively increased in the values of stomatal frequency and index. and a reduction in the proportion of air spaces in the mesophyll tissue. Such decrease in coefficients of mesophytic characteristics of the species gradually disappeared with the increase of the soil moisture conient. From the results presented here it was generally concluded that the variation in water supply led only to quantitative changes of the micromorphological attributes of the species but no qualitative modifications took place.
Introduction
The scarcity of water considered as the major problem in arid and semiarid regions. In Saudi Arabia, the moisture stress represents the most important factor affecting pla':1t growth. Several reviews have discussed the effects of water supply on growth and metabolic processes of different species of higher plants, e.g.[1-41; some of which included anatomical responses in different plant organs.
Studies on the effect of water supply on anatomical structure of plants generally indicate that the decrease in moisture content of soil intensifies the formation of vascular elements, cell wall thickening and leads to the development of more xeromorphic structures particularly in leaves[I-4I. Availability of water is thus an especially important factor affecting the form and structure of plants[5J.
The effect of different water supply on quantitative and qualitative changes in stomata were reported for some plant species[6-13J. Environmental factors may induce a degree of xeromorphic in normally mesomorphic leaves or intensify the xeromorphic characters in xerophytes[5J.
The present study therefore was carried out to show the effects of six different soil moisture contents on the anatomical structure of stem and leaves of (Moringa peregrina) which is of considerable economic and medicinal importance. Another objective was to elucidate the extent to which anatomical attributes are stable under varying stressfull soil moistures.
Material and Methods
Seeds of M. peregrina were grown in plastic pots (13 cm high x 10 cm diameter) containing mixed soil of sandy loam and peat moss (1: 1). Each pot was filled with 835 g of the air-dry mixed soil. The levels of available moisture used in the different treatments were 0-5%, 5-10, 20-25%, 70-75% and 95-100% from the soil field capacity. For every treatment 6 replicates were used. The moisture content was adjusted at different levels of moisture content by irrigating the soil every day after weighing the pots to determine the amount of water to be added. The experimental period extended from September 2nd to December 28th during 1991 arid the experiment was carried out under direct 13 hours sun light, temperature ranged between 28-30°C day time and 20-22Co night in the Botanical Garden of the Faculty of Science, King Abdulaziz University., Jeddah, Saudi Arabia.
Samples (stems and leaves) for anatomical studies were taken randomly from each treatment at vegetative stage (after almost four months). Fixation was carried out in F.A.A. Stem and leaf anatomy was studied from cross sections (10-20.u thick) which were double stained in safranin and light green stain. Drawings were made at bench level with a camera lucida.
*Stomatal frequencies and indexes were determined using a square micrometer after stripping off and fixing the lower and the upper leaflet epidermis in 70% alcohol.
Results and Discussion
The anatomical structures of stems and leaves of M. peregrina grown at 0-5%, 5-10%, 20-25%, 45-50%, 70-75% and 95-100% of available moisture are shown in plates I, 2, 3, 4, 5 and 6 respectively. The values of frequency and index of stomata of this plant are presented in Table I . The values of Stomatal frequency and index were progressively decreased with increase in soil moisture content. .
The internal structure of stem and leaf of this species under the normal conditions (95-100%) is its typical anatomy which is briefly described as follows: *Stomatal frequency: No of stomata/mm2 of the leaflet surface, Stomatal Index S/E + S x 100. Where S denotes the number of stomata per unit area and E the number of epidermal cells of the same area. It is obvious (plates: 1-6) that various anatomical changes were obtained in stems and leaves of M. peregrina in response to variations of soil moisture content. The diameter of stem increased gradually as water supply increased. Such effect is usually a feature concomitant to increase of soil moisture [4.7] . The number of parencymatous layers of cortex progressively increased with increase in the available moisture from the lowest level (0-5%) to the highest (95-100%). Also, gradual increase of sclerenchymatous mass of pericycle, phloem and xylem elements as well as the diameter of pith was observed to accompany the elevation in the soil moisture content. Furthermore, xylem and phloem were in the form dictyostele with much reduced medullary rays in the stem of plants growing under low moisture level (0-5%). The less intensified formation of vascular elements in stem at low moisture level (0-5) disagreed with conclusions of some authors which have studied the effect of water stress on wheat[2.14-15]. They stated that there was an increase information of vascular elements with decrease of water supply. The present findings however agreed with those of Sperry and Tyree [16] and seemed of be the result of relatively retarded growth and decreased diameter of stem. On the Ecology tif Moring" peregrina.
In leaves, the remarkedly dense cover of hairs was one of the most important feature that accompanied the growth of M. peregrina under low moisture level (0-5%). Such effect was assumed to provide a protective layer of the transpiring surface from air currents and to keep the thin layer of air adjacent to the surface humidll?].
The v.alues of stomatal frequency as well as the stomatal index (Table I) In leaves, the mesophyll tissues gradually increased as the water supply increased. A reduction in the proportion of air spaces at high moisture stress (0-5%) was observed. This probably caused extreme reduction of the internal evaporating surface which may have been accompanied by a limited accumulation of water vapour and slower rate of its movement to the stomatal chambers, thus leading to lower transpiration rate [18. 10] . Esaul5] stated that one of the most prevalent characteristics of xeromorphic leaves is the high ratio of volume to surface, therefore, the leaves are small and compact; This character is associated with distinct internal characteristics such as thick mesophyll, with the palisade tissue more strongly developed than the spongy parenchyma, small intercellular-space volume, and compact network of veins. Similarly Kramerrl9] reported that wide variability in the internal volume of air spaces in leaves could be obtained by the moisture content of the environment in which the leaves develop.
In vascular bundles of the leaves of M. peregrina, the phloem and xylem elements increased as water supply increased. Likewise, similar response was shown by the adaxially and abaxially situated collenchymatous cells. However, this might be attributed to the increase of the leaf area at relatively higher water supply.
,
The characteristic tendency of plants to be genotypically selected or phenotypically developed by water deficit is accompanied with xerophytic modification, including reduce surface to volume ratio, leaf rolling, hair covering and increased frequencies and indexes of stomataI20]. In view of this and the results obtained in the present study, it might be concluded that with progressive decrease in the available soil moisture from the highest level (95-100%) to the lowest (0-5%), M. peregrina plant in general showed gradual tendencies to achieve xerophytic characteristics, thus to tolerate dry climate prevailing in Saudi Arabia.
